INTRODUCTION
Treatment of landfill leachate faces a lot of problems resulting from its specific composition as well as fluctuating quantity and quality [Losented by BOD is decomposed, while the fraction resistant to biological decom position (part of COD, organic micropollutants such as AOX, PAH, detergents) remains constant [Klimiuk et al. 2007 ]. Thus, effective treatment of the leachate in conventional biological methods is problematic. There are three basic methods of leachate management: (i) transportation to municipal WWTP, (ii) building on-site leachate treatment plants, or (iii) recirculation of leachate to the landfill [Robinson 2005 , Rosik-Dulewska 2007 . Since discharging the leachate to municipal WWTPs often interrupts biological treatment processes, construction of on-site treat ment facilities for leachate treatment is recommended instead [Robinson 2005] . Typically, conventional biological processes (activated sludge, biofilters), chemical oxidation or mem brane processes (also combination of these methods) are used for on-site leachate treatment [Klimiuk et al. 2007 , RosikDulewska 2007] . Treatment wetlands (TWs) can be a cost-saving and simple in operation alterna-tive to these solutions, however, it is very important that the system is designed adequately to the site-specific leachate composition. TWs have been applied with positive effects for landfill leachate treatment in several countries in Europe and North America [Bulc et al. 1997 [Kadlec 2003 ].
In Poland a growing interest in CW systems for sewage treatment, especially serving individual households in rural areas, is observed over the last few years. The experiences with CWs for leachate treatment, however, are still at developing stage. In some cases, lack of know-how at the design and construction stage leads to future operation problems and unsatisfactory treatment results, which results in a kind of "bad press" regarding the application of TWs for leachate treatment.
The paper discusses the fluctuations of leachate composition and performance of a CW for leachate treatment, consisting of two parallel horizontal subsurface flow reed beds, over the years [2004] [2005] [2006] [2007] [2008] . The design errors and attempts of TW modernization are described
EXPERIMENTAL

Study TW
The municipal landfill in Gdańsk-Szadółki has been in operation since 1973. The landfill area covers around 60 ha. The quantity of generated leachate is approximately 9000-9500 m 3 /year. In 2001 a constructed wetland for leachate treatment was built. It consists of two parallel HF-CW beds (subsurface, horizontal flow of sew age). The area of each bed is equal to 50×50 m and the depth is 0.6 m. The beds were planted with P. australis.
Methods
The samples of leachate were collected at the CW in Szadółki at the inflow (raw leachate RL), after bed I and bed II and in the collection tank, were treated, le achate from both beds is collected. Four series of analyses were made in autumn 2004 and five series were performed after modernization of the beds in August -October 2008. The following parameters were analysed: organic matter expressed as BOD, COD, TSS, total N, ammonia N, nitrate as well as organic N. Additionally, in both types of wastewater COD was also analysed, after filtration through membrane filter with pore size 0.45 pim (Millipore nitrocellulose filters), in aqueous phase. The content of volatile suspended solids in the total suspended solids was determined as losses on ignition. The procedure was adopted by Hach Chemical Company (Hach, Loveland, CO) and Dr Lange GmbH (Germany 
RESULTS AND DISCUSSION
Fluctuations of raw leachate composition
The concentrations of pollutants in municipal landfill leachate fluctuate in time. The leachate composition is affected by rainfall, which dilutes the leachate, but on the other hand, washes out the pollutants from landfilled wastes. Also, the concentration of pollutants in the leachate change due to biodegradaion processes taking place at the landfill [Klimiuk et al. 2007 ]. The composition of the leachate form Szadółki landfill is very unstable, which is reflected by high SD values. Generally, average concen trations of pollutants in the raw leachate at the inflow to TW were lower in 2008 than in 2004, which resulted from mixing of the leachate with rainwater, which was started in 2005. However, the concentrations of pollutants fluctuate. The only significant tendency is BOD 5 depletion, due to biodegradation processes and the consumption of easily available carbon. Also BOD 5 /COD ratio decreased, although the value of this parameter was changing.
Hydraulic conductivity of the beds
According to the project assumptions, the maximal hydraulic loading of both beds should not exceed 50 m 3 /d. The treatment wetland in Szadółki was first built using fine-grained filtration material (filtration coefficients 5.77·10 5 m/s and 2.55·10 5 m/s for beds 1 and 2, respectively) ( Table 2) . It was designed according to the guidelines of [Kickuth 1981 ], where fine-grained soils were recommended as filter bed materials. The initial low hydraulic conductivity was supposed to increase due to root penetration. The total hydraulic capacity of the TW system (the sum of flow rates of both beds), calculated on the basis of hydraulic conductivity, was equal to 1.72 m . Due to excessively high hydraulic loading, the beds were flooded. Since the discharged leachate contained, among other pollutants, relatively high concentrations of iron (Table 1) , the clogging processes contributed to the decrease of hydraulic conductivity of the beds. The P. australis died off, especially in bed II. The treatment effectiveness, especially in the bed II, was low. In bed I the removal of BOD 5 , COD and nitrification of ammonia N took place, despite of excessively high hydraulic loading. However in bed II, the treatment processes failed. Only Fe and Mn removal was observed (Table 2) .
According to the technical opinion of the researchers from Gdansk University of Technology [Obarska-Pempkowiak et al. 2004], it was advised to modernize the TW. The researchers insisted on replacing the clogged fine-grained beds filling material into coarse sand or gravel and introducing preliminary leachate treatment, in order to remove iron from the leachate before it is discharged into the beds. In the years 2005-2008 CW was not working. The leachate was collected and then redirected to one of landfill compartments. At the same time modernization of the CW was completed. The clog ged filtration material was partially removed and replaced. New P.australis seedlings (eight seedling per m 2 ) were planted. Also, the quantity of leachate discharged to the CW was decreased to about 4.5 m Table 1 . Despite of the technical opinion and past experiences (bed clogging in 2004), the fine-grained material, with low hydraulic conductivity was used again. The natural soil containing partly decomposed landfilled wastes with addi- 3 /d. Then, the hydraulic conductivity of the beds after modernization was still too low. A prior leachate retention tank would allow for averaging the qu antity of the leachate discharged to the beds.
The TW performance
The quality of treated leachate improved significantly in 2008 in comparison to 2004, although bed II continued to perform worse than bed I. The average concentrations of pollutants in the effluent of bed I met Polish outflow standards, while in case of bed II the concentrations of TSS, COD and the total N exceeded the out-flow requirements.
Both beds removed BOD 5 effectively (the removal effectiveness was equal to 95.7% for bed I and 79% for bed II), while the removal effectiveness of COD was lower (78.5% for bed I and only 32% for bed II). This difference can be explained by high amount of refractory compounds present in the leachate, which is also indicated by low BOD 5 /COD ratio (0.27). Further decrease of the BOD 5 /COD ratio took place during the treatment -the ratio in the effluents of beds I and II was only equal to 0.05 and 0.06, respectively.
The outflow concentrations of ammonia N were quite low. The ammonia N represent only 0.5% and 1% of the total N in the effluents of beds I and II, respectively, which proves that nitrification took place at the beds. The effluent concentration of the total N was quite low for bed I (13.14±3.68 mg/l), whereas for bed II it was high (112.98±38.13 mg/l). At the same time, the nitrate N at the outflow of bed II was high (92 mg/l), which represented approx. 82% of the total N. In the efflu ent of bed I, nitrate N represented only 57% of the total N. These results indicate the denitrification took place at bed I. The increase of pH (from 7.23 in the raw leachate to 7.8 in the effluent of bed I) also confirms this. However, de nitrification process at bed II failed.
The TSS concentration in the effluent of bed II was even higher than at the in-flow. On the other hand, bed I removed TSS effectively.
The leachate inflowing to TW in 2008 were well aerated, which is indicated by low share of Fe 2+ (about 3%) in the total Fe and the presence of nitrates (Tables 1, 3) . The treated leachate outflowing from both beds contained very low concentra tions of total Fe, which indicates that insoluble trivalent Fe precipitated in the beds. This process will end up with beds clogging unless preliminary Fe removal is introduced.
Effectiveness of leachate treatment in CW Szadółki was similar to the effectiveness reported by [Maehlum 1995] for the TW for leachate treatment in Esval, Norway: 91% for BOD 5 and 88% for COD. The CW in Esval had similar construction to CW Szadółki (two HF-CW beds working in parallel), but in Esval the leachate was pretreated in an aeration lagoon and the effluent of HF-CW beds was polished in a surface flow bed. The major difference between Esval and Szadółki was the bed filter material -in Esval gravel (10-20 mm diameter) was used. In Dragonja (Slovenia) removal effectiveness of COD, BOD 5 , ammonia nitrogen and iron were as follows: 68%, 46%, 81% and 80%, respectively [1] , while [Kinsley et al. 2006 ] reported 93-99% BOD 5 and 97-99% N-NH 4 + removal efficiencies. In 2008 relatively high concentrations of SO 4 2 -ions were present in the effluent from the beds. The SO 4 2 -concentrations in the treated leachate were significantly higher than in the raw leachate (two times for bed I and five times for bed II). This was due to degradation of organic matter (natural soil containing partly decomposed landfilled wastes, straw) used for the beds filling during modernization works
In 2008 the effluent from beds I and II was discharged to a retention tank, where it was collected and periodically pumped to a landfill compartment. The effluents from beds I (better quality) and II (worse quality) were mixed, what is reflected in pollutants' concentrations (Table 3) . It was found that the decrease ofammonia nitrogen concentration took place in the retention tank, what must have resulted from denitrification and release of gaseous nitrogen to the atmosphere. The pH increase, which usually takes place in the denitrification process, was also observed in the re tention tank.
CONCLUSIONS
In 2004 the quality of leachate inflowing to the TW Szadółki was very unstable. The beds received too high loads of pollutants. Low hydraulic conductivity lead to clogging processes and water stagnation. In spite of clogging problems, TW Sza dółki provided quite good treatment efficiencies of BOD 5 (bed I), total N and ammonia N.
Modernization of the beds was successful in terms of treatment results. The le achate treated at bed I met the requirements concerning sewage outflowing to surface water defined in Polish Environmental Law. In case of the outflow from bed II, concentrations of TSS, COD and total nitrogen exceeded the admissible values. Nitrogen transformations took place at both beds: ammonification and nitrification. Denitrfication only took place in bed I. Effectiveness of leachate treatment in CW Szadółki was similar to the effectiveness reported by [8] for the TW for leachate treatment in Esval, Norway: 91% for BOD 5 and 88% for COD. The CW in Esval had similar construction to CW Szadółki (two HF-CW beds working in parallel), but in Esval the leachate was pretreated in an aeration lagoon and the effluent of HF-CW beds was polished in a surface flow bed. The major difference between Esval and Szadółki was the filter bed materialin Esval gravel (10-20 mm diameter) was used. In Dragonja (Slovenia) removal effectiveness of COD, BOD 5 , ammonia nitrogen and iron were as follows: 68%, 46%, 81% and 80%, respectively [1] , while [5] reported 93-99% BOD 5 and 97-99% N-NH 4 + removal efficiencies.
In 2008 relatively high concentrations of SO 4 2-ions were present in the effluent from the beds. The SO 4 2-concentrations in the treated leachate were significantly higher than in the raw leachate (two times for bed I and five times for bed II). This was due to degradation of organic matter (natural soil containing partly decomposed landfilled wastes, straw) used for the beds filling during modernization works
In 2008 the effluent from beds I and II was discharged to a retention tank, were it was collected and periodically pumped to a landfill compartment. The effluents from beds I (better quality) and II (worse quality) were mixed, which is reflected in pollutants concentrations (Table 3 ). It was found that the decrease ofammonia nitrogen concentration took place in the retention tank, which must have resulted from denitrification and release of gaseous nitrogen to the atmosphere. The pH increase, which usually takes place in the denitrification process, was also observed in the retention tank. In spite of good treatment results, clogging risk factors are present in TW, due to high concentration of trivalent iron in raw leachate. In both beds precipitation of iron took place, what may lead to beds' clogging in a short period of time. Pre-treatment of raw leachate at sedimentation tank would allow for removal of iron before the inflow to TW.
